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Guiding Science Questions

How does variation in snow albedo
modulate river runoff and glacier
mass balance?

How has radiative forcing by increases
in dust and black carbon loading in
the Anthropocene changed river
runoff and glacier mass balance?



What controls snowmelt?
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What controls the interannual variability of the
snowmelt runoff hydrograph?

Day of Year



X
3]
o
*

2
.
~m

E
)
=
5
@©
=2
S
[0
©
=
oY
[
S
o
o
S
°
N
e
C
©
Q
=

Mean hydrograph derivative (m?/(s*day))

Explain steepness

Animas River

-5

n hydrograph derivative (m?/(s*day))

-10

Dolores River

b R'=0.16

TEMPERATURE 2005-2010

Uncompahgre River

-15 1 1 1

-1.0 -0.5 0.0 0.5

Mean PDD (°C)

o
(=]

»
o

1
N
o

-40

Mean hydrograph derivative (m3/(s*day

Rio Grande
-

N
o

L R*=0.15

1 1 1

-1.0 -0.5 0.0 0.5

Mean PDD (°C)

Mean hydrograph derivative (m3/(s*day))

Mean hydrograph derivative (m3/(s*day))

Animas River

R*=0.89

of rising limb

Dolores River

-5

an hydrograph derivative (m3/(s*day))

inl ‘@

ALBEDO 2

Uncompahgre River

-15 L 1

R*=0.90

-20 -10 0

10 20

Mean Radiative Forcing (W m-

005-2010

Rio Grande

60

40

T

R*=0.68

Mean hydrograph derivative (m?3/(s*day)

-10

(o]

10 20 30

Mean Radiative Forcing (W m)

Painter et al (in preparation)




v"v
o‘,v f
S

—

Wrangell-St Elias, Alaska




ATMOSPHERIC DUST CONTENT AS A FACTOR
AFFECTING GLACIATION AND CLIMATIC CHANGE!

ushti Institute of Geography,
Tlulm Georgia, USSR

University of Wisconsin-Milw aulsu
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AVIRIS

Senator Beck Basin Study Area

Telluride

— olorado River Basin

Sepator Beck Basin Study

Basin Boundary
Instrumentation Tower
@ Stream Gauge

AVIRIS — San Juan Mountains 2011



Irradiances

In situ ASD
ATCOR retrieved
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Reflectance Validation

June 15,2011 =
Senator Beck Basin Study Area, CO
Subalpine energy balance tower

AVIRIS/ATCOR4

ASD FieldSpec3
Differences
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Radiative Forcing in Snow
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Albedo retrieval

Spectral albedo

amdl (r,A)
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Sensitivity/validation
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Uncertainties from AVIRIS spectral NEAL

Water vapor uncertainty: £0.0007 cm.

Grain size from 1.03 & 1.26 um, £5.4 pm & =7.1 pm.
Albedo: +0.006

Instantaneous radiative forcing: £1.8 W m2.
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Airborne Snow Observatory

Airborne Snow Observatory

Snow water equivalent
San Juan Mountains
11 May 2012

AVIRISng color composite
San Juan Mountains
11 May 2012
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Summary

Critical void in knowledge of the impacts of dust/BC on
snowmelt and glacier melt

New multispectral algorithms provide qualitative
CEVELS

The imaging spectrometer provides the quantitative
retrieval needed to understand this impact

HyspIRI will give us the global access to that knowledge

MODIS/VIIRS and the Airborne Snow Observatory will
anchor HysplRI at the temporal and spatial ends



